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[Document Name] Specification 

[Title of the Invention] DISPERSION COMPENSATION 

APPARATUS AND METHOD 
[What is Claimed is:] 
5 1. A dispersion compensation apparatus which 

compensates for wavelength dispersion of an optical 
transmission line, comprising: 

first compensation means for compensating for dispersion 
slope of input light, the first compensation means having a 
10 wavelength dispersion characteristic dependent on wavelength; 

and 

second compensation means for compensating for 
wavelength dispersion of the input light, the second 
compensation means having a constant wavelength dispersion 
15 characteristic over a plurality of wavelengths. 

2. A dispersion compensation apparatus which 
compensates for wavelength dispersion of an optical 
transmission line, comprising: 

first compensation means for compensating for dispersion 
20 slope of input light, the first compensation means having a 

wavelength dispersion characteristic dependent on wavelength; 
and 

second compensation means for compensating for 
wavelength dispersion of the input light, the second 
25 compensation means having a variable wavelength dispersion 

characteristic . 

3. A dispersion compensation apparatus, which 
compensates for wavelength dispersion of an optical 
transmission line, comprising: 

30 fiber type compensation means for compensating for 

wavelength dispersion and dispersion slope of input light; and 
virtually imaged phased array (VIPA) type compensation 
means for compensating for a sum of the wavelength dispersion 
of the input light and the wavelength dispersion of the fiber 

35 type compensation means. 
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4. An apparatus as in claim 3, wherein said sum of the 
wavelength dispersion of the input light and the wavelength 
dispersion of the fiber type compensation means indicates 
negative wavelength dispersion, and the VIPA type compensation 

5 means has positive wavelength dispersion which cancels at least 

a part of the negative wavelength dispersion. 

5. An optical transmission system comprising: 
transmission line means for transmitting light; 
first compensation means for compensating for dispersion 

10 slope of the transmission line means, the first compensation 

means having a wavelength dispersion characteristic dependent 

on wavelength; and 

second compensation means for compensating for 

wavelength dispersion of the transmission line means, the 
15 second compensation means having a constant wavelength 

dispersion characteristic over a plurality of wavelengths. 

6. An optical transmission system comprising: 
transmission line means for transmitting light; 
first compensation means for compensating for dispersion 

20 slope of the transmission line means, the first compensation 

means having a wavelength dispersion characteristic dependent 

on wavelength; and 

second compensation means for compensating for 

wavelength dispersion of the transmission line means, the 
25 second compensation means having a variable wavelength 

dispersion characteristic . 

7. A system as in claim 5 or 6, comprising one or a 
plurality of said first compensation means, said second 
compensation means being on a reception device side. 

30 8. A dispersion compensation method for compensating 

for wavelength dispersion of an optical transmission line, 
comprising : 

transmitting signal light to travel through the optical 
transmission line; 
35 compensating for dispersion slope of the signal light 
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using a wavelength dispersion characteristic dependent on 
wavelength; and 

compensating for wavelength dispersion of the signal 
light using a constant wavelength dispersion characteristic 
5 over a plurality of wavelengths. 

9. A dispersion compensation method for compensating 
for wavelength dispersion of an optical transmission line, 
comprising : 

transmitting signal light to travel through the optical 
10 transmission line; 

compensating for dispersion slope of the signal light 
using a wavelength dispersion characteristic dependent on 
wavelength; and 

compensating for wavelength dispersion of the signal 
15 light using a variable wavelength dispersion characteristic. 

[Detailed Explanation of the Invention] 
[0001] 

[Field of the Invention] 

The present invention relates to a dispersion 
20 compensation apparatus and method for compensating for the 

wavelength dispersion of an optical fiber in a wavelength 
division multiplexing (WDM) optical transmission system. 
[0002] 

[Prior Art Technology and Problems to be Solved by the 

25 Invention] 

In a conventional WDM optical transmission system, a 
fiber-type dispersion compensator referred to as a dispersion 
compensation fiber (DCF) is well known as a technology of 
compensating for the wavelength dispersion of a line fiber 

30 forming an optical transmission line. A DCF indicates 

dispersion having a sign inverse to that of the line fiber, and 
can thereby compensate for the dispersion of the line fiber. 
Since the amount of compensation provided by a DCF is 
proportional to the fiber length of the DCF, it is necessary 

35 to adjust the fiber length of the DCF depending on the dispersion 
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of a target line fiber* 
[0003] 

DCFs are produced by manufacturers at intervals of a fixed, 
specific amount of dispersion (for example, 100 ps/nm) . 
5 Unfortunately, the actual amount of dispersion of a line fiber 

is typically not an even multiple of these intervals, thereby 
causing a setting error of the amount of compensation* As a 
result, it is very difficult to completely compensate for the 
wavelength dispersion of a line fiber using DCFs currently 
10 available on the market. 

[0004] 

Furthermore, wavelength dispersion of a line fiber is 
wavelength-dependent, and is known to have a characteristic 
referred to as a dispersion slope. The dispersion slope 
15 corresponds to the inclination of the dispersion-to-wavelength 

graph linear-approximated in a wavelength area used for a signal 
light. 

[0005] 

A DCF has a dispersion slope having a sign inverse to that 
20 of a line fiber. Based on this, the dispersion slope of the 

line fiber can be partially compensated for. However, since 
the dispersion slope of the DCF is proportional to the fiber 
length, both wavelength dispersion and dispersion slope of the 
line fiber cannot be compensated for using a DCF of a fixed 
25 length. 

[0006] 

It is an object of the present invention to provide a 
dispersion compensation apparatus and method for compensating 
for wavelength dispersion and dispersion slope of a line fiber, 
30 and for reducing the setting error of the amount of the 

compensation of wavelength dispersion in a WDM optical 
transmission system. 
[0007] 

[Means for Solving the Problems] 
35 FIG. 1 shows a principle of a dispersion compensation 
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apparatus according to the present invention. The dispersion 
compensation apparatus shown in FIG. 1 comprises compensation 
means 1 and 2, and compensates for the wavelength dispersion 
of an optical transmission line such as a line fiber. 
5 [0008] 

According to the first aspect of the present invention, 
the compensation means 1 has the wavelength dispersion 
characteristic depending on a wavelength, and compensates for 
the dispersion slope of input light. The compensation means 
10 2 has a constant wavelength dispersion characteristic for a 

plurality of wavelengths, and compensates for the wavelength 
dispersion of the input light. 
[0009] 

The compensation means 1 is, for example, a fiber type 

15 compensator such as a DCF, has a characteristic of a dispersion 

slope, etc. depending on a wavelength, and cancels the 
dispersion slope of the input light. The compensation means 
2 has a constant wavelength dispersion characteristic for a 
plurality of different wavelengths contained in a wavelength 

20 area for which the compensation means 1 compensates, and cancels 

the remaining wavelength dispersion when the wavelength 
dispersion obtained by summing the wavelength dispersion of the 
input light and the wavelength dispersion of the compensation 
means 1 does not indicate zero. 

25 [0010] 

With the above-described configuration, the wavelength 
dispersion and the dispersion slope of a line fiber can be 
simultaneously compensated for, and the setting error of the 
amount of compensation can be reduced if the wavelength 

30 dispersion of the compensation means 2 indicates an appropriate 

value . 

[0011] 

According to the second aspect of the present invention, 
the compensation means 1 has a wavelength dispersion 
35 characteristic depending on a wavelength, and compensates for 


the dispersion slope of input light. The compensation means 
2 has a variable wavelength dispersion characteristic, and 
compensates for the wavelength dispersion of the input light. 
[0012] 

5 The compensation means 1 performs an operation similar 

to the operation according to the first aspect. When the 
wavelength dispersion obtained by summing the wavelength 
dispersion of the input light and the wavelength dispersion of 
the compensation means 1 does not indicate zero, the wavelength 
10 dispersion of the compensation means 2 is appropriately 

adjusted, and the remaining wavelength dispersion is canceled. 
[0013] 

With this configuration, the wavelength dispersion and 
the dispersion slope of a line fiber can be simultaneously 
15 compensated for, and the setting error of the amount of 

compensation can be reduced if the wavelength dispersion of the 
compensation means 2 can be adjusted to an appropriate value. 
[0014] 

For example, the compensation means 1 shown in FIG. 1 

20 corresponds to a DCF 93 shown in FIG. 9 and a DCF 132 shown in 

FIG. 12, which will be described later, and the compensation 
means 2 shown in FIG. 1 corresponds to a virtually imaged phased 
array type compensator 92 shown in FIG. 9 and a virtually imaged 
phased array type compensator 133 shown in FIG. 12. 

25 [0015] 

[Preferred Embodiments] 

Reference will now be made in detail to the present 
preferred embodiments of the present invention, examples of 
which are illustrated in the accompanying drawings. 

30 According to embodiments of the present invention, the 

dispersion slope and the wavelength dispersion are 
simultaneously compensated for by combining the first 
compensator mainly for compensating for a dispersion slope with 
the second compensator mainly for compensating for wavelength 

35 dispersion. 
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[0016] 

As the first compensator, for example, the above 
mentioned fiber type compensator is used. As the second 
compensator, for example, a virtually imaged phased array 
5 (VIPA) type compensator is used. 

[0017] 

A VIPA is an optical branching filter capable of 
generating a large angular dispersion from input light, and a 
VIPA type compensator using the branching filter can generate 
10 a wide range of positive and negative wavelength dispersion . 

[0018] 

A VIPA is described in detail in "Wavelength Branching 
Filter," Japanese Patent Application Laid-Open 09-043057. A 
VIPA type compensator is described in detail in (a) "Optical 

15 Device using Virtually Imaged Phased Array for Generating 

Chromatic Dispersion," Japanese Patent Application 10-534450, 
and International Publication Number for PCT Application 
W098/35259; (b) "Optical Device using VIPA for Chromatic 
Dispersion," Japanese Patent Application 11-513133, and 

20 International Publication Number for PCT Application 

WO99/09448; and (c) "Chromatic Dispersion Compensation Using 
Virtually Imaged Phased Array," M. Shirasaki, Optical 
Amplifiers and Their Applications, Paper PDP-8, July 1997. 
[0019] 

25 FIG. 2 shows an example of a VIPA. The VIPA shown in FIG. 

2 comprises a cylindrical lens 11, and a glass plate 12 having 
the thickness of t. Reflection coatings 21 and 22 are formed 
on the surface of the glass plate 12. For example, the 
reflectivity of the reflection coating 21 is about 95%, and the 

30 reflectivity of the reflection coating 22 is about 100%. An 

incident window 23 is formed on the surface of the glass plate 
12. The reflectivity of the incident window 23 is nearly 0%. 
[0020] 

The input light 31 converges along a focal line 32 through 
35 the incident window 23 using the cylindrical lens 11, and 


8 


multiple reflection occurs between the reflection coating 21 
and 22. The width of the focal line 32 is referred to as a beam 
waist of the input light 31 . There is a small inclination angle 
9 between an optical axis 33 of the input light 31 and a normal 
34 of the glass plate 12. 
[0021] 

At the first reflection on the reflection coating 21, 5% 
of the light passes through the reflection coating 21, and 
diverges after the beam waist. In addition, 95% of the light 
is reflected toward the reflection coating 22. After the light 
is reflected by the reflection coating 22, it reaches again the 
reflection coating 21 with its position shifted by the distance 
of d. Then, 5% of the light passes through the reflection 
coating 21. By repeating the above mentioned reflection and 
transmission, the light is split into a number of paths which 
have a constant displacement d. 
[0022] 

The beam at each path diverges from a virtual image 35 
of the beam waist. The virtual images 35 are positioned at 
constant intervals of 2t along the normal 34. The beams from 
the virtual images 35 interfere each other, and form collimated 
light 36 propagated in different directions depending on the 
wavelength of the input light 31, thereby generating angular 
dispersion which depends on the wavelength. 
[0023] 

The displacement of optical paths is expressed by d = 
2t-sin 9, and the difference between path lengths of adjacent 
beams is computed by 2t-cos 0. The angular dispersion is 
proportional to the rate of these two values, that is, cot 0. 
As a result, the VIPA generates considerably large angular 
dispersion. As clearly shown in FIG. 2, the term "VIPA" is 
generated from the array of the virtual images 35. 

[0024] 

FIG. 3 shows an example of a VIPA type compensator using 
the VIPA. The compensator shown in FIG. 3 comprises, in 


addition to the cylindrical lens 11 and the glass plate 12, a 
circulator 41, lenses 42 and 43, and a mirror 44. 
[0025] 

The circulator 41 receives input light from an input fiber 
51, and provides the light for the lens 42. The input light 
is collimated by the lens 42, passes through the cylindrical 
lens 11, and is focused onto a line on the glass plate 12. After 
the light passes through the glass plate 12, it is focused onto 
the mirror 44 through the lens 43, reflected by the mirror 44, 
and then returned to the glass plate 12 through the lens 43. 
[0026] 

After the light has been returned to the glass plate 12, 
it is multiple-reflected in the glass plate 12, and is output 
from the incident window 23 shown in FIG. 2. The output light 
is received by the circulator 41 through the cylindrical lens 
11 and the lens 42, and is output to an output fiber 52. 
[0027] 

Thus, the light input to the VIPA is output from the VIPA, 
reflected by the mirror 44, and returned to the VIPA. The light 
reflected by the mirror 44 passes in the opposite direction of 
the path. Since the different wavelength elements of the light 
have respective focal points at different points on the mirror 
44, they pass along different distances, thereby generating 
wavelength dispersion . 

[0028] 

If the thickness t of the glass plate 12 is appropriately 
adjusted, substantially equal dispersion can be assigned to a 
number of channel wavelengths of the WDM optical transmission 
system. In addition, the amount of dispersion can be variable 
by mechanically changing the relative positional relation 
between the glass plate 12 and the set of the lens 43 and the 
mirror 44 . The configuration of the VIPA type compensator shown 
in FIG. 3 is only an example, and many other configurations of 
the VIPA type compensator can be applied to the present 
embodiment . 
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[0029] 

Since a VIPA type compensator can have variable 
wavelength dispersion to be applied to input light in the range 
of, for example, ±5000 ps/nm, the amount of compensation can 
be correctly set depending on the wavelength dispersion of a 
line fiber. However, the VIPA type compensator cannot 
compensate for the dispersion slope of the line fiber. 
[0030] 

Then, the dispersion slope of the line fiber is 
compensated for using the DCF, and the difference between the 
wavelength dispersion of the line fiber and the amount of the 
dispersion compensation of the DCF is compensated for using a 
VIPA type compensator, thereby reducing a setting error in the 
amount of compensation of the wavelength dispersion. 

[0031] 

If the dispersion slope cannot be sufficiently 
compensated for by a DCF of the length corresponding to the 
wavelength dispersion of a line fiber, then the length of the 
DCF is set long enough corresponding to the dispersion slope 
of the line fiber. Then, the excess wavelength dispersion of 
the DCF is inversely compensated for by a VIPA type compensator . 
Thus, the amount of compensation of the wavelength dispersion 
and the dispersion slope can be more correctly adjusted to the 
line fiber. 

[0032] 

FIG. 4 shows the ideal dispersion compensation for a 
typical line fiber. In a shape 61 of the wavelength dispersion 
of a line fiber, the wavelength dispersion has a positive value, 
and becomes larger as the wavelength gets longer. A shape 62 
indicates the wavelength dispersion of an ideal dispersion 
compensator for completely compensating for the wavelength 
dispersion, and is symmetrical to the shape 61 with respect to 
the straight line on which the wavelength dispersion equals zero . 
The amount of the dispersion compensation of the shape 62 has 
a negative value, and becomes smaller as the wavelength gets 


longer. 

[0033] 

On the other hand, the shapes of the wavelength dispersion 
of the typical DCF and the VIPA type compensator are shown in 
FIGS. 5 and 6, respectively. For the DCF as shown in FIG. 5, 
the shape of the wavelength dispersion has a negative 
inclination. However, for the VIPA type compensator shown in 
FIG. 6, it is substantially flat. 

[0034] 

FIG. 7 shows the wavelength dependence of the wavelength 
dispersion of a normal single mode fiber (SMF) line fiber (1.3 
Vim zero-dispersion fiber) . In FIG. 7, a shape 71 indicates the 
wavelength dispersion of the SMF line fiber, and a shape 72 
indicates the wavelength dispersion of a corresponding ideal 
dispersion compensator. A shape 73 of a broken line indicates 
the wavelength dispersion of a corresponding DCF. 

[0035] 

Thus, in the case of a 1.3 ym zero-dispersion fiber, a 
dispersion compensation, which is close to that of the ideal 
dispersion compensator and includes the compensation of the 
dispersion slope, can be performed by an appropriate DCF. The 
amount of the dispersion compensation can be closer to the shape 
72 by combining the DCF with the VIPA type compensator. 

[0036] 

FIG. 8 shows the wavelength dependence of the wavelength 
dispersion of a non-zero-dispersion shifted fiber (NZ-DSF) line 
fiber. In FIG. 8, a shape 81 indicates the wavelength 
dispersion of the NZ-DSF line fiber, and a shape 82 indicates 
the wavelength dispersion of a corresponding ideal dispersion 
compensator. A shape 83 of a broken line indicates the 
wavelength dispersion of a corresponding DCF. 

[0037] 

Thus, in the case of the NZ-DSF line fiber, the dispersion 
slope cannot be sufficiently compensated for using the DCF with 
a part of dispersion remaining. However, if the DCF are 
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combined with the VIPA type compensator, for example, the 
wavelength dispersion of a shape 84 can be obtained, and the 
amount of the dispersion compensation can be close to the shape 
82. 

[0038] 

By referring to FIGS. 9 through 13, the configuration of 
the dispersion compensation apparatus obtained by combining a 
DCF with a VIPA type compensator is described below in detail. 

FIG. 9 shows a basic dispersion compensation apparatus. 
The dispersion compensation apparatus shown in FIG. 9 comprises 
an input terminal 91, a VIPA type compensator 92, a DCF 93, and 
an output terminal 94, and is provided at an appropriate 
position in the optical transmission system including a 
transmission device and a reception device. Signal light is 
input from the input terminal 91, passes through the VIPA type 
compensator 92 and the DCF 93, and is output from the output 
terminal 94. Thus, the dispersion slope of a line fiber is 
compensated for by the DCF 93, and the portion of the dispersion 
characteristic independent of the wavelength is compensated for 
by the VIPA type compensator 92. The order of the VIPA type 
compensator 92 and the DCF 93 can be changed. 

[0039] 

A process of performing the dispersion compensation can 
be selected from the following two processes, depending on 
whether or not the DCF 93 can completely compensate for the 
dispersion slope of the line fiber. 

(1) A case where the dispersion slope of the DCF 93 is 
sufficiently large when it is compared with the dispersion slope 
of the line fiber 

For example, if a normal SMF line fiber of 600 km is used, 
the characteristic of the dispersion compensation by a 
dispersion compensation apparatus is as shown in FIG. 10. In 
FIG. 10, a shape 101 indicates the wavelength dispersion of a 
line fiber, a shape 102 indicates the wavelength dispersion of 
the DCF 93, and a shape 103 indicates the wavelength dispersion 
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of the VIPA type compensator 92. 
[0040] 

In this case, since the wavelength dispersion and the 
dispersion slope of the DCF 93 substantially completely cancel 
5 the wavelength dispersion and the dispersion slope of the line 

fiber, a flat characteristic as a shape 104 can be obtained by 
adding up the wavelength dispersion of the line fiber and the 
DCF 93. If the wavelength dispersion of the VIPA type 
compensator 92 is added to the above mentioned characteristic, 
10 then the characteristic of a shape 105 can be obtained, and the 

wavelength dispersion and the dispersion slope can be 
substantially 0. In this case, the VIPA type compensator 92 
adds negative wavelength dispersion. 

(2) A case where the dispersion slope of the DCF 93 is 
15 insufficient as compared with the dispersion slope of a line 

fiber 

For example, if a normal NZ-DSF line fiber of 600 km is 
used, the characteristic of the dispersion compensation by a 
dispersion compensation apparatus is as shown in FIG. 11. In 

20 FIG. 11, a shape 111 indicates the wavelength dispersion of a 

line fiber, and a shape 112 indicates the wavelength dispersion 
of the DCF 93 when the absolute value of the wavelength 
dispersion of the DCF 93 matches the wavelength dispersion of 
the line fiber . A shape 113 indicates the wavelength dispersion 

25 of the DCF 93 when the dispersion slope of the DCF 93 matches 

the dispersion slope of the line fiber. A shape 114 indicates 
the wavelength dispersion of the VIPA type compensator 92. 
[0041] 

In this case, when the wavelength dispersion of line fiber 
30 and the wavelength dispersion of the DCF of the shape 112 are 

added up, the characteristic of a shape 115 is obtained and 
dispersion slope of the line fiber cannot be canceled. 
[0042] 

Therefore, using the DCF having the characteristic of the 
35 shape 113, the wavelength dispersion of the line fiber and the 


wavelength dispersion of the shape 113 are added up . As a result, 
a flat characteristic as a shape 116 can be obtained. When the 
wavelength dispersion of the VIPA type compensator 92 is 
furthermore added to the characteristic, the characteristic of 
shape 117 can be obtained, thereby setting both wavelength 
dispersion and dispersion slope to substantially zero . In this 
process (2), unlike in the process (1), the VIPA type 
compensator 92 adds the positive wavelength dispersion. 
[0043] 

Assume that, as a practical example of the process (1), 
above, a normal 1.3 ]im zero-dispersion fiber having the 
following characteristic with a wavelength A is used as a line 
fiber . 

wavelength dispersion: +16.5 ps/nm/km (A = 1550 nm) 

2 

dispersion slope: +0.055 ps/nm/km (A = 1550 nm) 

In this case, for example, the DCF having the following 
characteristic is used. 

wavelength dispersion: -80 ps/nm/km (A = 1550 nm) 

2 

dispersion slope: -0.3 ps/nm/km (A = 1550 nm) 

The wavelength dispersion of the above mentioned line 
fiber (100 km) is +16.5 * 100 = +1650 ps/nm (A = 1550 nm) , and 

2 

the dispersion slope is +0.055 * 100 = +5.5 ps/nm (A = 1550 
nm) . Therefore, the length of the DCF required to completely 
remove the dispersion slope is 5.5/0.3 = 18.3 (km). 
[0044] 

At this time, since the wavelength dispersion of the DCF 
is -80 x 18.3 = -1464 (ps/nm) , the wavelength dispersion of +1650 
- 1464 = +186 (ps/nm) remains. Therefore, if the wavelength 
dispersion of the VIPA type compensator is adjusted to be set 
to -186 ps/nm, both wavelength dispersion and dispersion slope 
can be removed. 
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[0045] 

Furthermore, assume that, as a practical example of the 
process (2), above, a normal NZ-DSF having the following 
characteristic with a wavelength A is used as a line fiber. 

5 

wavelength dispersion: +4.3 ps/nm/km (A = 1550 nm) 

2 

dispersion slope: +0.04 ps/nm/km (A = 1550 nm) 

In this case, for example, as in the process (1) above, 
10 the DCF having the following characteristic is used. 

wavelength dispersion: -80 ps/nm/km (A = 1550 nm) 

2 

dispersion slope: -0.3 ps/nm/km (A = 1-550 nm) 

15 The wavelength dispersion of the above mentioned line 

fiber (100 km) is +4.3 x 100 = +430 ps/nm (A = 1550 nm) , and 

2 

the dispersion slope is +0.04 * 100 = +4.0 ps/nm (A = 1550 nm) . 
Therefore, the length of the DCF required to completely remove 
the dispersion slope 'is 4.0/0.3 = 13.3 (km). 

20 [0046] 

At this time, since the wavelength dispersion of the DCF 
is -80 x 13.3 = -1064 (ps/nm) , the wavelength dispersion of +43 0 
- 1064 = -634 (ps/nm) remains. Therefore, if the wavelength 
dispersion of the VIPA type compensator is adjusted to be set 

25 to +634 ps/nm, both wavelength dispersion and dispersion slope 

can be removed. 
[0047] 

As described above, since the variable range of the amount 
of the dispersion compensation of the VIPA type compensator is 
30 very wide, a configuration for the dispersion compensation of 

the whole optical transmission system can be adopted using the 
characteristic of the variable range. 
[0048] 

FIG. 12 shows an example of the above mentioned optical 
35 transmission system. The optical transmission system shown in 
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FIG. 12 comprises a transmission device 121, one or more relay 
devices 122, a reception device 123, and line fibers 124 
connecting these devices. The transmission device 121 
comprises a transmitter 131 and the DCF 132, the relay device 
5 122 comprises the DCF 132, and the reception device 123 

comprises the VIPA type compensator 133 and a receiver 134. 
Thus, the DCF 132 is provided for the transmission device 121 
and each of the relay devices 122, and the VIPA type compensator 
133 is provided for the reception device 123. 
10 [0049] 

Assume that a normal 1.3 p zero-dispersion fiber having 
the following characteristic with a wavelength A is used as the 
line fiber 124, and the DCF having the above mentioned 
characteristic is used as the DCF 132. 

15 

wavelength dispersion: +1 6 . 5 ± 0 . 5 ps/nm/km (A = 1550 nm) 

2 

dispersion slope: +0.055 ps/nm/km (A =1550 nm) 

Assuming that the number of the relay devices 122 is three, 
20 and four spans (stages) of the 100 km line fibers 124 are used, 

the length of the DCF per span required to compensate for a 
dispersion slope is 18.3 km as described above. 
[0050] 

In addition, since the wavelength dispersion of four 
25 spans of line fibers is +16.5 ± 0.5 x 100 x 4 = +6600 ± 200 ps/nm 

(A = 1550 nm) , and the wavelength dispersion of four spans of 
the DCFs is -80 x 18.3 x 4 = -5856 (ps/nm), the wavelength 
dispersion of +6600 ± 200 - 5856 = +744 ± 200 (ps/nm) remains. 
Therefore, if the wavelength dispersion of the VIPA type 
30 compensator is adjusted to be set to -744 ± 200 ps/nm, then the 

wavelength dispersion and the dispersion slope can be correctly 
compensated for. 
[0051] 

Thus, when the NZ-DSF having the above mentioned 
35 characteristic is used as the line fiber 124, the length of the 


DCF per span required to compensate for a dispersion slope is 
13.3 km as described above. 
[0052] 

In addition, since the wavelength dispersion of four 
spans of line fibers is +4.3 x 100 x 4 = +1720 ps/nm (X = 1550 
nm) , and the wavelength dispersion of four spans of the DCFs 
is -80 x 13.3 x 4 = -4256 (ps/nm), the wavelength dispersion 
of +1720 - 4256 = -2536 (ps/nm) remains. Therefore, if the 
wavelength dispersion of the VIPA type compensator is adjusted 
to be set to +2536 ps/nm, then both wavelength dispersion and 
dispersion slope can be removed. 

[0053] 

In this case, however, a large amount of wavelength 
dispersion has been accumulated before the signal light reaches 
the reception device from the transmission device, which is not 
desired. Therefore, instead of canceling the dispersion slope 
of the line fiber by the DCF, it is considered to adjust the 
length of the DCF such that the wavelength dispersion of the 
line fiber can be canceled. 

[0054] 

Since the wavelength dispersion per span of the above 
mentioned line fiber is +430 ps/nm (X = 1550 nm) , the length 
of the DCF required to completely remove the wavelength 
dispersion is 430/80 = 5.4 (km) . Therefore, the length of the 
DCF per span is set to 5.4 km, and the wavelength dispersion 
of the VIPA type compensator is adjusted to 0 ps/nm, thereby 
removing the wavelength dispersion. However, in this case, the 
dispersion slope cannot be completely removed. 

[0055] 

If the length of the DCF per span is not changed depending 
on the length of the line fiber, the dispersion slope of the 

2 

5.4 km DCF is -0.3 x 5.4 = 1.62 (ps/nm ) . Therefore, when the 
length of the line fiber per span is 1 . 62/0.04 = 40.5 (km) , the 
dispersion slope can be completely removed. 
[0056] 
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At this time, since the wavelength dispersion of four 
spans of line fibers is +4 .3 * 40.5 x 4 = 697 ps/nm (A = 1550 
nm) , and the wavelength dispersion of four spans of the DCFs 
is -80 x 5.4 x 4 = -1728 (ps/nm), the wavelength dispersion of 
5 +697 - 1728 = -1031 (ps/nm) remains. Therefore, if the 

wavelength dispersion of the VIPA type compensator is adjusted 
to be set to +1031 ps/nm, then both wavelength dispersion and 
dispersion slope can be removed. 
[0057] 

10 FIG. 13 shows an example of the configuration of the 

reception device 123 shown in FIG. 12. The reception device 
shown in FIG. 13 comprises the VIPA type compensator 133, the 
receiver 134, and an error detector 141. The receiver 134 
comprises a WDM coupler 142 and a plurality of 

15 optical-to-electrical transducers 143. 

[0058] 

The WDM coupler 142 branches signal light output from the 
VIPA type compensator 133, and the optical-to-electrical 
transducer 143 converts the optical signal into an electric 

20 signal. The error detector 141 detects an error in the electric 

signal, and outputs a control signal to the VIPA type 
compensator 133. According to the control signal, the 
wavelength dispersion of the VIPA type compensator 133 is 
adjusted such that the wavelength dispersion of the signal light 

25 can be compensated for. Thus, a transmission device and a relay 

device are provided with a DCF, and a VIPA type compensator is 
provided only for the reception device, thereby easily 
adjusting the amount of dispersion compensation. 
[0059] 

30 According to the above mentioned embodiment, the 

characteristic of only the VIPA type compensator 133 is variable . 
However, the characteristic of a DCF can also be variable . FIG . 
14 shows such a variable DCF compensator. The compensator shown 
in FIG. 14 comprises an input terminal 151, a DCF switch unit 

35 152, and an output terminal 153. 
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[0060] 

The DCF switch unit 152 comprises three DCFs 161, 162, 
and 163 having different characteristics, and can select any 
of them. Thus, it is possible to switch the DCFs depending on 
5 the characteristic of a line fiber, and signal light input from 

the input terminal 151 is output from the output terminal 153 
through a selected DCF. 
[0061] 

The wavelength dispersion and the dispersion slope per 
10 unit length of the DCFs 161, 162, and 1 63 can be either identical 

or different. When they are identical, three DCFs having 
different characteristics can be obtained by changing the 
length of each DCF. 
[0062] 

15 By combining a variable DCF compensator with a VIPA type 

compensator, a dispersion compensation apparatus capable of 
adjusting both wavelength dispersion and dispersion slope can 
be realized. 

The wavelength dispersion of a DCF is not limited to a 
20 negative value, but can be a positive value. For example, as 

shown in FIG. 15, assume that a DCF having positive wavelength 
dispersion of a shape 172 is used for a line fiber having 
wavelength dispersion of a shape 171 . In this case, a VIPA type 
compensator having negative wavelength dispersion of a shape 
25 173 can be used. 

[0063] 

In addition, the wavelength dispersion of a line fiber 
is not limited to a positive value, but can be a negative value. 
When the wavelength dispersion of a line fiber has a negative 
30 value, the sign of the wavelength dispersion of the dispersion 

compensator can be inverted in the above mentioned embodiment. 
[0064] 

In addition, the dispersion slope of a line fiber is not 
limited to a positive value, but can be a negative value. For 
35 example, as shown in FIG. 16, for a line fiber having a negative 
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dispersion slope of a shape 181, a DCF having a positive 
dispersion slope of a shape 182 and a VIPA type compensator 
having wavelength dispersion of a shape 183 can be used. 
[0065] 

5 Furthermore, it is not necessary to always use a DCF and 

a VIPA type compensator as first and second compensators, but 
any two types of compensators having different characteristics 
about wavelength dispersion can be used. For example, a grating 
type compensator using fiber grating can be a substitute for 
10 a DCF or a VIPA type compensator. 

[0066] 

[Effect of the Invention] 

According to the present invention, the wavelength 
dispersion and the dispersion slope of a line fiber can be 
15 collectively compensated for by combining two types of 

dispersion compensators having different characteristics. 
Furthermore, depending on the uneven wavelength dispersion and 
dispersion slope of a line fiber, the characteristic of a 
dispersion compensation apparatus can be variable, thereby 
20 reducing setting errors in the amount of compensation. 

[Brief Description of the Drawings] 

FIG. 1 shows a principle of a dispersion compensation 
apparatus according to the present invention. 

FIG. 2 shows -a virtually imaged phased array (VIPA). 
25 FIG. 3 shows a VIPA type compensator. 

FIG. 4 shows an ideal dispersion compensation. 
FIG. 5 shows the dispersion compensation by a dispersion 
compensation fiber (DCF) . 

FIG. 6 shows the dispersion compensation by a VIPA type 
30 compensator. 

FIG. 7 shows the wavelength dispersion of a single mode 
fiber (SMF) line fiber. 

FIG. 8 shows the wavelength dispersion of a non-zero 
dispersion shifted fiber (NZ-DSF) line fiber. 
35 FIG. 9 shows a dispersion compensation apparatus. 
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FIG. 10 shows the dispersion compensation of an SMF line 

fiber . 

FIG. 11 shows the dispersion compensation of an NZ-DSF 
line fiber. 

5 FIG. 12 shows an optical transmission system. 

FIG. 13 shows a reception device. 

FIG. 14 shows a variable dispersion compensation fiber 
(DCF) compensator. 

FIG. 15 shows the case in which the wavelength dispersion 
10 of a DCF is positive. 

FIG. 16 shows the case in which the dispersion slope of 
a line fiber is negative. 

[Explanation of the Codes] 

1 and 2 Compensation means 

15 11 Cylindrical lens 

12 Glass plate 
21 and 22 Reflection coatings 
23 Incident window 
31 Input light 
20 32 Focal line 

33 Optical axis 

34 Normal 

35 Virtual image 

36 Collimated light 
25 41 Circulator 

42 and 43 Lenses 
44 Mirror 

51 Input fiber 

52 Output fiber 

30 91 and 151 Input terminals 

92 and 133 VIPA type compensators 

93, 132, 161, 162, and 163 DCFs 

94 and 153 Output terminals 

121 Transmission device 
35 122 Relay device 
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123 Reception device 
131 Transmitter 
134 Receiver 
141 Error detector 
5 142 WDM coupler 

143 Optical- to- electrical transducer 
152 DCF switch unit 

61, 62, 71, 72, 73, 81, 82, 83, 84, 101, 102, 103, 104, 
111, 112, 113, 114, 115, 116, 117, 171, 172, 173, 181, 182, and 
10 183 Shapes of wavelength dispersion 



[Document Name] Drawings 
[FIG. 1] 

Diagram showing a principle of the present invention 
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[FIG. 2] 

Diagram showing a VI PA 



[FIG. 3] 

Diagram showing a VIPA type compensator 



4] 

Diagram showing an ideal dispersion compensation 



R19N31 lind HOd 
N0ISU3dSIQ H±9N3~I3AVM 


[FIG. 5] 

Diagram showing the dispersion compensation by a DCF 
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[FIG. 6] 

Diagram showing the dispersion compensation by a VIPA 
type compensator 
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[FIG. 7] 

Diagram showing the wavelength dispersion of an SMF line 
fiber 
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[FIG. 8] 

Diagram showing the wavelength dispersion of an NZ-DSF 
line fiber 
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9] 

Diagram showing a dispersion compensation apparatus 



[FIG. 10] 

Diagram showing the dispersion compensation of an SMF 
line fiber 
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12] 

Diagram showing an optical transmission syst 
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[FIG. 13] 

Diagram showing a reception device 



14] 

Diagram showing a variable DCF compensator 
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[FIG. 15] 

Diagram showing the case in which the wavelength 
dispersion of a DCF is positive 
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[FIG . 16] 

Diagram showing the case in which the dispersion slope 
of a line fiber is negative 



[Document Name] Abstract 
[Abstract] 

[Object] It is an object of the present invention to 
compensate for wavelength dispersion and dispersion slope of 
a line fiber, and to reduce the setting error of the amount of 
the compensation of wavelength dispersion in a wavelength 
division multiplexing optical transmission system, 
[Means for Solving the Problems] The dispersion slope of a 
characteristic 101 of a line fiber is cancelled by the 
dispersion slope of a characteristic 102 of a fiber type 
compensator, and a flat characteristic 104 can be obtained by 
adding up these characteristics. If a characteristic of a 
virtually imaged phased array type compensator is set as 103 
and added to the characteristic 104, then the characteristic 
105 can be obtained, and the wavelength dispersion and the 
dispersion slope can be substantially 0. 
[Selected Drawing] FIG. 10 


